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CONT INUOUS GAS CHROMA1OGRAPHY I

\

Pure Acetylene Recovery from the End Gas of the Partial
Oxidation of Nethane

~ DroP.Benedek, A,L&s8zldé, andi L.3zepesy
MAFKIL '
a1867 o varion Krovess
In the preduesien of industrial gases, a new btechaique has

recently veen developed, viz, tha continucus gas chromatogrephy

/Bypersorption/, This method is mainly |employed)for the'recovery
of small concentration components from multicemponent gaseous

by

mixtures, Literature and patent data show that the process is
compotltivo with eny of the clao.icnl methods from an oconouie

\fo_q\\gf-\"\m"\ 0*

vtc‘point. After hgv&ng~h¢ought_abous tho partlal oxid-tlon of
methane in the Hungarian Petroleum and Gas hoaearch Inatitute,:
the technijue develdped for the resolution of oxidation emd
3‘.0. and the production of pure acotylene respectively was
therefore the continuous gas chromatograpvhy.

As 1t is known, the ond gas of nurtial nxidation contaims
besido 6«8 per cent acetylene 4=6 per cent carbon dioxide, the
same quantity of methune, about 25 ner eenti carbon monoxide aad
50 per cent hydrogen, The gaseous mixture is saturated with
steam at abdbout ao°c. depending on operatienal conditiems., The
object was te recover from the gaseous mixture pure scetyleme
suitable fer further erganic synthesmes on the one hand, amd te
produce acetylene - free aynthesis gas on the other hamd, As
cv:llablc literature data were insufficient to render the: desiga

and

of a coutliﬁua ges ohromatogruphy squipmend possible, physiees

‘chemical wmeasurements and labora*ory experiments had te ho Q.!u :
ried out, on the basis of saich a pilet plant was erested - 'y
develop the principles for the desigm eof oquipneat on an

‘industrial scale, to establish optimal working cenditieas,
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amdk to obtaln characteristic paramatora, In tho course of selving
the abovo disclosed prodlem, viz. the production of pure acetylene

from the oani gas of the partial oxidation, some statements have

t

3 Q@
been made wnich are of genoral validity for the comtinuous gase

A '.', ‘"Y" - *y)

chmmtogrnm process, We—hsve succeaded tn clearins all those

-

problems in connection with this technique, which are of importance

fron the point of view of engincering desipgn and operation,

-

Uyid

Tr.e chrov‘utographic Oquipmnt consrista of the eolumm proper

3 .
and of the wn-é—e—e.rem 11ft soctilon connected to it,. The

column 1s filled with activs‘od curbon, which moves downwards ewimg
to its own welght at a valocity regulated by am adeguate devige,
The activated carbon leaving the eolum bottom reachas the ‘2:;!
11t section and is again delivered to the top of the columm by A
paocunatic transport, The carbon 1; thus in cemstant circulatiom ia
tho equipment. The lower and upper sectiens of the columm comsist
of shell and tube heat oxchangeu. In the lower hnt exchanger,
1.0, the deserver, heated '!-Oh Dowtherm, the total quamtity eof
the adserbed gas is desorbed from the activated carbom, The wpper
heat exchanger, l.es tha cooler, is used to cool the het atiuﬂ'
carbon tnnoportod to the top of the eolumm, Betweem the m heat
Mu thoro is the leparntlon soction proper, twhere the -
ndnrpttn and chromatographic processes m. place,

"ﬁ,nl!n
Variations of oonuma .daorptin'nad chremategraphic precesses

*

for the recovery of agetylene.

1/ Several experimental data have been publhhod in the
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Awerican’ 11terature dy CoBerg, cevering resolutiem of the partial
exidation enl gac by eent Mo o ot Conraong 71,2+ The essentid
features of the process are the following:e

Prom the PO ono ganes, whlch are fed oontorcurmt te the
earbon bed moving dowawards, the total quantity of the acetyleme
end part of the carbon dioxide correspondinc to equilidriwm re-
lations are sdsorved, In tho deserption section of the equipment
all the adsorbed gas emerges, and may be withdrawn as b‘.tton proe
duct, A fractlom consisting of 82,8 vol,per cent of acetyleme, 16,f
vol, pcr cont uf carbon dioxide,A and 1 vol.per cent of lighter :

compenents could thus be ootaimed, Fure aBetylene was recovered

from the con\contratod acetylune = carbon aiexide mixture in a sub~
b e .

’

soquont stage, by afisorption rectification, Im the above process,
the hypersorption column worked on the whole as a contiwuous ade
aorbor, no reflux being appliod. This conc’ “ion is Justified dY"
tho fact that carbom dioxne and acetylene are 3 ';midonbly
m\’m that the other PO ran commnents, viz.methane,
carbon monoxide, snl hydrogen,

The separation of scetylene and carbon dioxide canmnet be
brousht sbout by simple adsorption, but sharp separation eam be
achiofod oy restificacivns The conntorcurrent phase exchange can be
carriel out vy returniug part of the desorved gas 1into the .op.nt-‘
fon section as a "reflux", In the course of our theorstical amd

MAFKI
— : als869

1/ C,Berg, Chem,Bng.Progr., 47, Wo.1ll, 565 /1951/
2/ 8.Berg, Proceedings of 3rd T,P.C, Section III, 184 /1951/
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experimental investigations 1t nas vecen stated that tnere oxist
weither theoretical aor nractical obstacles to the direct recovery
of pury acetyleme fron the [0 e1d gasos by chromatorraphy with
;;.ntivutod carbon, The second, absorrtion, step of the combined
process may therefore be eliminsted,

2/ The resolution of concentiatrl gcetylene = carbon dioxide
e TN
O r ~ e

mixture is of theoretiocal importance only’ Ia the eese of a binary

mixture heweser-She-precese is simpler ani may easier be studied,
thq-&::t:f malti t foed MAFKI
component feed, al870
The acetylene « carbon dioxide mixture to be resolved is
iwl voducad
‘ohatged at the middle uf the chrumatographde column, pure carbom

11oxide omargo\o everhead, Lhis belag :‘::Q_component of lesser ade
serbability, and pure acetylene, the meet atrongly edsorbed eom=
ponent, may be withdrawn at the bottom of the colum, 1if part ef
.ﬁho bettem preduct is rotumo'd ‘to the columm a3 a reflux, “lki‘l‘
of the ehro-tognphb colum can be explaimed by the laws of sl ;
chromatography, Carpen dioﬂ;do, the componemt of ‘lesser MWI-

[ 4

lh. is 4displaced from tbe, .d-orbod _phase moving do-nnrth I:y ﬂlo
Mﬂqu mtat of tho gas flewing upwards, Owing te the

!n ‘of tho gu wtna, but min -tauoun at'a givn mme ot
tho columm, The working seme is to be romﬁ between the dead *mo

n top. mtulune pg:: gaybon dio:idn, jml the M some at tho
bain

; htto- of the oolumm , with pu ;r 10 .eotylno m-ly. The reeolutiem tﬂut
' um.d out 1s edntimueus diqlaeo-ut gnnto‘m 2&’:‘

i
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.um
Tre upantion proooss takingz place in the cmtom

colum 1s similer to thé Alstillatien predess is s packed celums, °
Between the adserbed mbstmco on the ntiutod oubon bed m

' .dewawards and the gas noung upwarde as . nnﬂ!. sountereurreat
phase exchange takes place, as a result of which tlie sdserbed ”
4s enriched with acetyleume, md this cam be receve m Iﬁ
| the bottom of the oolu.uin a pﬁro statey Similar to auum ‘ g

. precesses, the sumber of theerétiecal phuo -uc od MM

order to characterize the separstion., Ais M the case o
: '“M“c ‘ !
lation, the feed is chearged at the theoretical plato, on m - f‘:

gas compesitisn is 1dentical with that of the .feed gase hmuy
the comceptiofs of reflux ard rotlux rato are 1deatiocal with m
used in dutn;.ation c.lcuht:ion. The differemcs oou!.oﬁ lb m
fact only, that the rumber of moles adserded on the utlntd
carbon passing through a certsin scross section of the Q‘l‘ tn
umit time depends om the carbon velocity, as a result of whish in
the cese of constant feeding and wit.hdnnl the Nflux rata h-

D)

" cpeases with imerecsing carbon velocity., It can be so_“.fm th.
foregoing that continueus chromatography on moving carbea bed
_ forms and inalogy to rectification as a precess, '
3/ Saperation of cordbsn dioxide and acotyldao can be carried
out by contiauour chro-atogrephy even if there are inert compen«~
onts in the gaseons mixturc ay regards adnrpcion. ﬁl& 1s the
case with the emd gus obtained by partial uidatiu of -othno.
If the objoct i1s to recover pure acctylene aucl pure cu‘bon Mtt“‘
—
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as products,' the cardon dioxide and acetyleno must firet e n"r-
ated from the tnert gn: “h\is‘ separation can De carried out ia the:
appaIr ooetidh of the ohromtdgmnhio columm, thé so-called gdserp~
tien section, mere con*inuom adsorption taku phoo and the
total quantitg ef carbon dioxlde anl acetylemo h retahd. The
adsorbed quantities of tho other oonnononta may B De noglected,
Thus the acetyleme amil cardon dioxide h fed to thc chromategraphis
colum proper gs adsorbed phase en activated ocarbdbem, tho mlt—
fon of the adserbed phase corroaptmdinc te the .c'tylono - cm
dloxida mnlce ratio in the feod gas, The ohaoé;ﬁ;‘\w will be She
ar e hewWt of the Coluwmy)

E re tho, eempesttien of tho adsorved phase is the same a8
ot WoVe va qqs _+o e vgsotMJ

she .cotylone ‘e carbon dtox‘flc eeatentlof thoft;;& In exder teo '

achieve the resolution of tho caTbon aloxile - scetylens mixture,
. fresh sctivatod gcarbon moves im the upper soctien, whioch is adeve

the feed point in the chmmtogrsphtn\ coluzm, This carbea feed

Comnec kS ACL\ Jak ek “

joh& the separatevVoarbon stro.; pmgmlling/the adserber at the
AQ’\\'Q

feed point, ™ho “wo separate/carbon streams may Ve rodiaod in “o

14

colum of suitable innar conatruction, Tho separation procou ﬁt
taking phco in the chromatognphio -oouon, as wel) as the -
calculation of thirs section is the same as -llb the sesend vull.-
ation, th~ differonacn 23123 on tho ono hend that feeding 1is ned

. VIO
c.r,;‘lod outYin tiee 53 phase, but in dke adsorbed phase anl that
adw«-d“ LA ur .
the\carbon quantity pascings the lower pert of the chromtoguphl\
Hac b o{ )
section is larger thah m-em—quua-&m moving in the uppor

part,on the other hand,
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Auolying this techmique, 1,0, using together continuous ade.
sorotion an! shrocmutograph the possibility arises of recovering
i‘rom‘ the PO gas three produ'ct_:'., viget= '

o/ Synthesis gas, free from carbon.dioxide snd acetyleme, .

b/ Purs carpon dioxide, as :vorhoad product of the chrema~

tognnhh columm, ‘and | ' , '

o/ Pure acetyleme, as bottom product of the om-outo.uphu

colunm, MA¥KL
_ al873

v
4/ Ypon piocessing the Po end gases, it Degomes unnecessary

to recever three products, ir the .yqt.huu gas serves the purpose
of smmonla production, wh.ecreby the carbom menoxide is cenverted end

carbon Afoxide sorubbed Trom the gasesus mixture, Decause the core

bon io de may then remain ia the systhesis gas,. In this case &
e G

ungl stream may be .ppliod in the ohromtognph oquip~

mont, which first pssses through the "adsorption” sectiem, .nd

thereupon tnomﬂmosmmguohic section, The gaseous mixture
“to be resolved is chargod xt the botto- of the sdserptien sestien.

. PTCTY Qlh Veled
T™he gas ﬁoood‘ comtormrmt to the ¥arbem -oun dowmwards ead °

.\ sectien,
‘leaves at the tep of the .durption/m This nbo-cgnod overe

head product J(ees nol contain sny acetylemeo, if the carbon veleseity

1s. adequately seie In the nd::rpti;‘on section, however, part of the
, @ aoitersfi

carbom dl oxido,covnapondingwmam. §s retained beside m
~soetylame, and rgachoa the chrometographbe sestion ia an adfgrded

state. As a result of the countercurrent pikse exchange pressss-
disclosed above, the acetyleno ooncqntaution'immou in a Gowne
wards direction, ani oractically pure acetyleme 1s present at the

i3 _:‘ ‘bettom of the celummm, The carbon a1ox1de ateplaced frem the whsanh |
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nJ»M

d/ I er-t g,aa as over iead ppoduct L= top‘ of the adaorptie
V g 18 miuce:( .

; Cmf'OQﬂ dioxile,

\b/ Pum acobylema w ‘ OubOm proiuct nb *hfa 10#@1' aqd oi’Vt 8

c“lcm atogr phéc\ FQG?’ 1rm .

Aﬁdev\dk?«'—;
= »*-1-~‘a— _p~ &—a——w ey o

3 atei aro m -

adae ;."b@"tt{ .

Sanitized Copy Approved for Release 2010/03/12 : CIA-RDP80T00246A038900390001-8



Saniti
anitized Copy Approved for Release 2010/03/12 : CIA-RDP80T00246A038900390001-8

mn
v s‘s‘ ANCR

Beside the adsorption capacity, tho mechamiocal wor
"~ the ‘activated carbon comstitutes aenother importaat facter, Astive

v

atod oarbons ‘are subjedted to various mechanicel stresses, ss well
as to sorption snd temperaturo changes in the ehremategrsrhfia
B All these influencas dobdrionto the structure of the
f°h"1‘:'\roo- and result im sttritiom. Tho dust formed wust continually
be removed from the system, which means & coms ideradle carden ‘
loss, constituting an mrtn\t z:‘tc ‘:::‘tor of the preeess. Omly
hard carvons of hlgh mechanicsl strongtir are suitable for the
purpose of «gontinuous gas chrt;nntogrnphy.

The chelice of the activated carbom was made on the basis of
lavoratery adserptien umd attrition experiments, Pinmally, one
quality was ssiected (rom the home products, Vife NUXKIT AL, an
.énvntod ourt}on of large specific sufiphce, contaiaing m;.ny
migrepores, snl having a digmeter of 1,% - .nd[‘n hng:h z',,’ S-4
wm, of eylindrical form. Only thils «ctivated carbon quality wes

applied in 4developing the techmique, both in laboratory end pilet

plant, The techmical chameboﬂatio- of carbon BU‘XI% are pre=

sented im Tabdle 1.
Table 1

?poeiﬂ.ontion of activatel carbon WUXIT AL
APPQI’).\ A QuaSuiy . par

Volume—weight: ' 0,43 = 0,49 glmd cu.cu.
Porosity 0,40 mAfRA- 4.5 ps St
Beaseme adsorption cepacity 28 « 31 per ceat

+ \

-~
>y

. pe
Specific Surfece ¢ ] ] /8
_ Average Pore Radius 13 A

:_"-F' ,}“\I

thotylmb Adsorption 'c.pdcity 76 cu.om /WPT/ /e
/20°C, p = 760 mm Be/ , .

¢+ » °
Determined by adsorption of CHCl, et 20 C

[
by
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MAPKT
_a1876

Desccripiion of Laboratory Ejuipment
\
For the purpose or hwostig-ti'x, continuous gas chromategraphy,

] lnioconunuons lgboratory equipment was conatructed, in whiech
" g‘t:: trunsport of the activated caroon ht: not carried out pneumae
tically, but batchwise unl manually. Assemblirg of the equipment
is lho-m ian Pigure 2, The upper co: :taim-r has a capacity ef adout

8 utoz; it contains therefore 2,5 hgvonrbon. The cmtalnor 1s

- supplied with 1" .tufting box/cocks, both im its lpuppor and lewer

pant, throu -h which the carboa may pass without obstacle, This
c;rbou qmmtity 1: sufficiont for an operaiicn cf 100=120 minutes,
The movemaent of the carbomﬁ’ay be observed throug: a windew bo].o'
the carbon comtalner,

Prom the carbon container, the carbon reaches the separatiea
system proper, This comsiats of four commected elementsj sush a
'/coutruetiorul slement 1s also shown in Figure 2.
| :(' *‘bn ek!l\xn4 olo:cnt consists of a bdrass tube of 25 mm dismeter

and 0,5 m length, which ;:;:cho other parts of the ‘columm with
flange /1/. The individual parts are supplied with separate Jackets
/8/+ The tube endings /6/ serve for introdusing and withdrawiag
coolimg water, end /7/ 1s tie point where the thermometer is fized
tos control the temperatura of eooling watere At atud /5/, the tem=
pontuu of the carton bed may bo dotemlnod with a mercury thermee
meter, At part /2/, the withduw&ne and feeding of gas takes pluo.
. The imtersl coenstruction of this slement makes 1t pouill.o'ot.t '

the withdrawal and introduction of tho gas 1s mot~carried -‘tyf;;:
oardon bed, or to thn carbon bed rnpocuvoly. Thus uno earven
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CONTIIUOUS GA® CURONATIGRAPHY II

Inveatigation of dynewitc aigoention on fixed and moving earbon
heds
DrePo.Boncdek and LeSzanesy
Iw-t:r wﬂcvt~"' caper b0 ~onaral teshnolo, 1cul sclieme ef -
the criinuous ras chromat i raphy #aer d1aoldsed ani a shor% Aige
cusstoi St our lawritori oqulipmi and nilot plant given, This
paner leala with‘ﬁ=:'inVOatigations coverin- protilems arising im
conneetion with 4ymamic adsorption, .
T™h~ aexnariments have bdeen carried out 1'1 tre aimplo apparee
tus shown in Pigure 1, After oult.blo preparation, tre astiveted
carbdon £::;:;~d YUXTIT A was placed in s glass tube of 13 mm t-qqo
di.mefor, thssush shich acetylene = hydrogen mixture was pt.l.‘
atV%onatpnf veloctty, The exit gas was buddled thxon¢h e vessel
ftflej with Tlosvayerearent, where t‘u WM of she
noet\vlem 78 recorded, This r.a,pa'\t goets red in tho pnlmo .f
| very amallG;;;Z;;:;;jggzntit ‘Junder 0,1 per cent/. ﬁh‘ 'd.tl-
ning 3£ th2 colour shgnge is well oorocptiblo end rOprodlll!i.u
£ a rix*ure of acetylena ant 1nort Zas 1- passed thr‘n‘h
rix:g;(;;an bed, aftar tho alanse of certain period rrtl-
beginnin- of tha oxperiment /the soecalled break threwgh u-b/
acetylone emerges from the cardbon layer in the carrier ggn;;ﬁl:
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